For decades intensive husbandry has more or less been based on the use of antibiotics in sub-minimum inhibitory concentrations (sub-MIC) aimed at growth promotion. Continuous exposure of animal intestinal microbiota, including opportunistic zoonotic pathogens, to sub-MIC poses a pressure to selection and spread of bacteria strains with developed mechanism of antibiotic resistance. These bacteria may be transferred to people either by direct contact with farm animals or indirectly, via the food chain. Although in the EU a ban on the use of antibiotics as growth promoters was imposed in 2006, in many countries, including the largest producers and consumers of antibiotics in the world, it has yet to be done. Given that we are faced with a global problem of the loss of the efficacy of several antibiotic classes which are available for the treatment of human bacterial infections, it is unacceptable that antibiotic use in husbandry is not under global control. Reduction in antibiotic use in clinical practice in human medicine remains in dispute, but non-therapeutic use in husbandry remains a field in which much can be done to contribute substantially to the extension of antibiotic effectiveness and health care of future generations.
INTRODUCTION
The discovery of antibiotics is one of the greatest successes in medicine, which enabled the cure of infectious diseases and preserved millions of human lives. However, not much time has passed between the beginning of their use, and the emergence of resistance in bacteria, even Alexander Fleming, 70 years ago, warned that it would happen in a short time (Calderone, 2015) . Researchers make considerable efforts to produce novel classes of antibiotics, but with rapid evolution of resistance factors bacteria have an advantage in this race. For example, Acinetobacter baumannii, an opportunistic human pathogen, evolved in 30 years from a bacterium species susceptible to all antibiotics into the one which has a genomic island of 45 resistance genes which it acquired from various genera of bacteria by horizontal transfer (Foumier et al., 2006) . Nowadays, the situation concerning antimicrobial resistance is alarming and points to the entry into a post-antibiotic era. The hospital environment is a major selective environment of antibiotic-resistant bacteria, which has clearly been confirmed in clinical practice. The use of antibiotics is of huge importance in human health protection, although not necessarily justifiable. It is estimated that approximately 50% of antibiotics used in US hospitals was not essential, as well as that about 45% of prescribed antibiotics were aimed for illnesses that antibiotics cannot help (Calderone, 2015) . Even more worrying is the fact that the same or similar antibiotics are used in vast quantities in food-producing animals and agriculture. In addition, intensive animal farming has mainly been based on continuous antibiotic administration in subtherapeutic doses as growth promoters, to increase feed efficiency, and in disease prevention (Katsunuma et al., 2007; Modi et al., 2011; Schmieder and Edwards, 2012; Wang and Yu, 2012) . This practice has been maintained in many countries despite the fact that repeated exposure of bacteria to subminimum inhibitory concentrations was identified as a key factor which induces resistance (Kemper, 2008; EMEA, 1999; Ambrožič Avguštin, 2012). More than half of the total annual antibiotic production in the US and some other countries is spent in food-animal production (Wang and Yu, 2012) , and as much as 60-80% of the total is used for non-therapeutic purposes (Chapin et al., 2005) . Excessive use of antibiotics in animal husbandry is connected to high risks of the selection, spread and the persistence of antimicrobial-resistant bacteria. The consequences are the transfer of multiple-resistant bacteria to people in farms and slaughterhouses or indirectly, via the food chain and the spread in the ecosystem, water and soil (Landers et al. 2012; Wang and Yu, 2012; Zhu et al. 2013; Wichmann et al. 2014) .The ultimate consequence is the loss of antibiotic efficacy against bacteria with multiple resistances to antibiotics and 'pan-resistant' gram-negative strains (Livermore, 2004; Nikaido, 2009 ). Only in the US, antibiotic-resistant bacteria cause more than 2 million illnesses and at least 23,000 deaths each year (FDA, 2016) . The Chancellor of the Exchequer UK, George Osborne, claimed that 'resistance to antibiotics will become an even greater threat to mankind than cancer' explaining that even 10 million people could die worldwide each year by 2050, as a result of ineffective antibiotic therapy (Hughes, 2016) .
In this paper the consequences of deployment of antibiotics as growth promoters are discussed when taking into consideration the development of resistance in zoonotic bacteria and the health protection of people and domestic animals.
USE OF ANTIBIOTICS AS GROWTH PROMOTERS IN FOOD-PRODUCING ANIMALS

Historical data and mechanisms of action
The use of antibiotics in subtherapeutic concentrations as growth promoters, was approved of in the 1950s (Becker, 2010; Schmieder and Edwards, 2012) . Several antibiotic classes have been used as growth promoters: penicillins, macrolides, sulphonamides, tetracyclines, pleuromutilins, polypeptides, streptogramins, carbadox, bambermycin (Becker, 2010) . Penicillins and tetracyclines were the first to be used as feed supplements in swine, poultry and beef cattle in concentrations which correspond to 10% or 1% of therapeutic doses (EMEA, 1999; Marshall and Levy, 2011). Tetracycline, chlortetracycline and oxytetracycline are most frequently used in poultry, and ampicillin, bacitracin, erythromycin, lincomycin, virginiamycin and tetracycline in swine production (Chapin et al., 2005 ; Abrožič Avguštin, 2012).
It has been proven in practice that the addition of antibiotics to feed for animals increases animal weight gains and feed utilisation efficacy (EMEA, 1999). The average weight gain may increase by 4-8% and feed utilisation by 2-5% (Butaye et al., 2003) . The precise mechanisms of action of antibiotics as growth stimulators have yet to be completely elucidated (Becker, 2010) . However, the influence of the gastrointestinal (GI) microbiota undoubtedly plays a vital role in the process. In monogastric animals the GI tract is usually colonised by 400 to 500 different bacterial species, primarily obligate anaerobes such as the members of genera of Bacteroides, Bifidobacterium and Clostridium, but also some aerobes and facultative anaerobes (lactobacilli, streptococci, Escherichia coli) The proportion of GI bacteria to the number of host gut cells is 10:1 on average, which is why GI microbiota competes with the host cells in feed utilisation. Thus, oral administration of antibiotics and a consequent reduction in the number of bacteria result in more feed components available to the host. In addition, research has suggested that in germ-free animals the absorption of amino acids is twice the normal extent (Visek, 1978) . The reduction of in bacteria number leads to increased utilisation of fat ingested with feed because of the intestinal bacteria catabolise bile salts, which results in decreased fat digestibility ( In addition, bacterial antigenic determinants continually encourage local immune response and the production of immunoglobulins (IgA and IgG), which utilises proteins necessary for growth. It is estimated that a human adult secretes more than 5g of IgA each day, which binds to GI bacteria and food antigens; there is no reason to not suppose that an analogy can be drawn with the adult pig . Bacteria also stimulate mucus secretion by intestinal goblet cell and the turnover rates of the epithelial cells.
The drawback of this practice is in connection with the fact that GI microbiota is one of the most powerful non-specific protective mechanisms against infections, known as colonisation resistance (EMEA, 1999), or competitive exclusion Moreover, no increase in the mortality of poultry occurred due to necrotic enteritis, but the use of salinomycin was on increase, which is an anticoccidial active against Clostridium perfringens (Dibner and Richards, 2005) .
The influence of antibiotics in animal feed on the development of bacterial resistance
Bacterial resistance is defined as their ability to resist the action(s) of antibiotics aimed at their survival or multiplication. It involves the existence of a certain mechanism or gene(s) for resistance. If it is an intrinsic characteristic (intrinsic resistance) a drug cannot enter the bacterial cell, or the bacteria do not have a target which the antibiotic is to be aimed at. By contrast, the acquired resistance may develop during the contact with the antibiotic, as a self-defense mechanism, which results in regularly susceptible species becoming resistant thanks to gene mutations, or it may emerge when resistance genes are acquired from other bacteria by horizontal transfer (in the process of conjugation, transduction or transformation), or the resistance develops by both means. Genes located on mobile genetic elements such as plasmids, transposons and integrons pose the most important problem concerning resistance. Bacterial genetic material can effectively be swapped by horizontal transfer within the same or between phylogenetically distinct genera, as well as between those inhabiting various ecological niches. No matter how fast antibiotics may prompt the development of resistance, their withdrawal does not result in the loss of resistant population(s): it is well-known that the resistance will not vanish even if the administration of antibiotics is terminated (EMEA, 1999).
Any animal which consumes antibiotics may act as a source of resistant bacteria. Genes coding resistance against tetracycline were first detected in E. coli isolated from chickens and pigs which received this antibiotic via feed (Smith, 1967) . Due to the widespread use of tetracyclines in animal husbandry, it is not surprising that the resistance to these is the most frequently detected of all resistance mechanisms in animal isolates of E. coli (Tadesse et al., 2012 However, it has been confirmed that due to the chemical similarity of these with those used in humans and the fact that they are aimed at the same bacterial targets, the use of veterinary products can produce cross-resistance (Marshall and Levy, 2011) . For these reasons it is possible to detect bacteria with resistance genes to antibiotics which have never been used in animals on a particular farm. The classic example is avoparcin (a glycopeptide), which started being used as feed supplement at the beginning of 1970s and was in use in the EU for nearly 20 years. It led to the selection of vancomycin-resistant enterococci (VRE), which were first detected in Europe in 1986 and in the following year in the USA (EMEA, 1999). VRE strains exhibit partial cross-resistance with teicoplanin (Butaye et al., 2003) .
In people who were in direct contact with these animals the same clones of vancomycin-resistant enterococci (VRE) were found (Stobberingh et al., 1999) . A link between the resistance in animal and human hospital isolates of avoparcin-and vancomycin-coresistant Enterococcus spp. was also confirmed using ribotyping methods (Bates et al., 1994) . Multi/methicillin-resistant Staphylococcus aureus and vancomycin-resistant enterococci (VRE) are the most common causes of nosocomial infections, and the genes coding resistance to vancomycin can be transferred via plasmids to S. aureus (Noble et al., 1992) .
It is even more concerning given that vancomycin is the major drug for the therapy of human infections caused by multidrug-resistant (MDR) Enterococcus and frequently a drug of last resort. Human infection with VRE strains, especially in liver-transplant patients and those with hematologic malignancies, could be lifethreatening (Rice, 2001 ).
One reasonable means of combat against resistance seems to be the termination of antibiotic use for non-therapeutic purposes. The prohibition of avoparcin in the EU resulted in the decrease in the number of VRE in broilers, but not in pigs. In the latter, there was a clone expansion of VRE with resistance genes for glycopeptides (vanA) and macrolides (ermB) located on the same mobile DNA (Aarestrup, 2005) . Moreover, two years after the decrease in the use of tylosin for growth promotion and therapy in pigs, a considerable decline in VRE among Enterococcus faecium isolates occurred (Aarestrup, 2005) . The ban of tylosine use in Denmark led to the decrease in the resistance of Enterococcus faecium not only to this antibiotic, but also to erythromycin, a chemically related macrolide (DANMAP, 2008) . Large quantities of antibiotics used in intensive animal husbandry influence the selection of resistant bacteria in animals and their secretions. Given that bacteria account for about 50% of the faeces, the annual quantity of 180 million dry tons of livestock and poultry manure merely in the US represents 90 dry tons of bacteria with developed resistance mechanisms against antibiotics (Wang and Yu, 2012) .
Moreover, antibiotics used as growth promoters are usually poorly absorbed and 30-80% may be excreted as waste (Ambrožič Avguštin, 2012). Both antibiotics and resistant bacterial strains are spread by fertilisation to agricultural areas, which is why people are indirectly exposed to risk of infections with resistant bacteria via the food chain.
Rules and regulations
Soon after the beginning of the use of antibiotics as feed supplements, the justification of this decision was questioned in Europe. In Denmark in 1969 the recommendation of the Swann committee was issued, which stated that antibiotics which were used in therapy of infections in humans and animals should not be used as growth promoters (Aarestrup, 2005 However, the use of antibiotics as growth promoters is still a practice in many countries, including large drug producers and consumers, such as the USA, China and Japan. For instance, in the USA, in 1951 a total of 100 tons of antibiotics were spent in animal husbandry, mostly as feed supplements, but 27 years later as much as 5,580 tons (Aarestrup, 2005) . In 2009, 80% of total antibiotics used in the US were spent for non-human use, and 64% of these were administered to healthy animals (FDA, 2014) . It is estimated that in the US up to eight times higher quantities of antibiotics are used for non-therapeutic purposes than for animal therapy (Marshall and Levy, 2011) . In Australia 55.8% of antibiotics were used in stock feeds (Modi et al., 2011) . China is the world's largest producer and consumer of antibiotics and in its industrial pig farms all major classes of antibiotics are used as growth promoters or for therapeutic reasons (Zhu et al., 2013 In the EU experts agree that non-therapeutic use of antibiotics in foodproducing animals pose a high risk to the development of resistance and transfer of multiple-resistant bacteria strains to people. By contrast, in some other coun-tries the relationship between the use of antibiotics in food-producing animals and drug-resistant bacteria in humans is still a contentious issue (Marshall and Levy, 2011) .
CONCLUDING REMARKS
Public health experts warn that a strict control or a total ban on the use of antibiotics as growth promoters is inevitable, particularly of those which are associated with human medical treatments. Agricultural producers, however, claim that, firstly, without antibiotics many phases in animal production would not be commercially sustainable, and secondly, that there are no sufficiently strong scientific proofs of the connection between the use of antibiotics as growth stimulators and the bacterial resistance. Until a final agreement is achieved, profound consequences on animal health keep arising, the mechanisms of resistance towards antibiotics are emerging and spreading among both commensals and pathogens, and these disseminate into the environment and eventually, affect human health.
The use of antibiotics is inevitable to maintain domestic animals' health, particularly in intensive animal production, but it cannot act as a substitution for good hygiene management The termination of continuous antibiotic use requires considerable changes in animal husbandry management, reduction in stock density, higher standards of hygiene, accurate, precise and timely antibiotic therapy, deployment of alternative substances for disease prevention (such as enzymes, prebiotics, organic acids, probiotics, trace minerals or herbs) and vaccines (Kemper, 2008) .
Humans are capable only of preventing the emergence of additional reasons which may powerfully influence the increase in the number and the spread of resistance genes in bacteria. Facing the danger which the diseases caused by bacteria strains resistant to available antibiotics may threaten, it is incomprehensive that the use of antibiotics in veterinary medicine in the majority of countries is still not under strict control. Feed and foods of animal origin are distributed across the world, which makes the resistance which emerged in any country the problem for all (Aarestrup, 2005) . Today, on the threshold of the post-antibiotic era, the use of antibiotics for non-therapeutic purposes is unacceptable. Still remains the open question when the measures for strict control of antibiotic use in animal husbandry will be taken on a global level, which is of utmost importance for the maintenance of their effectiveness and health protection of future generations.
